1. INTRODUCTION {#sec1-1}
===============

ECG signals depend on the ionic currents that cause the heart muscle to contract and expand. In ECG signal the potential difference between the electrodes placed on the body surface are considered as input. Statistics show that approximately a 20-50% difference exists between primary interpretation of ECG signal and interpretation of a cardiologist\[[@ref1]\]. ECG signals are important physiological signals for patients with cardiovascular diseases.

Recently, heart diseases are increasing at a phenomenal rate. According to the world health organization (WHO), cardiovascular diseases are a major cause of death in developing countries\[[@ref2]\]. For this reason, monitoring and diagnosis of heart diseases are very important. Recording of ECG signal is a basic method for detecting heart diseases like arrhythmias and ischemic. Development of telemedicine in patient care systems plays an important role in signal processing. In the simplest form, cardiac signal has been transmitted between the telephone lines\[[@ref3]\].

Due to the development of new technologies, ECG signal recording systems have a small size and low weight. The researchers were able to design a light weight system, with low power consumption and low cost by recent advances in networking technologies and wearable sensors, integrated circuits and wireless communications. Smart mobile phones have different applications from a medical point of view. The new generation of mobile phones have had a significant impact on the development of the health care system such as integrating a wide range of networks and thus creating opportunities for transferring medical records to the hospital\[[@ref4]\].

The main aim of this paper is monitoring of the ECG signals and detecting heart diseases. It is suitable for continuous ECG transmission in telemedicine applications over a wireless network. This paper is organized as follows. The detailed explanation about the pre-processing and signal transmission are presented in Section II. The evaluation results and discussion are reported in section III. Finally, conclusions are made in Section IV.

2. MATERIALS AND METHODS {#sec1-2}
========================

This paper includes the design and implementation of a health care program for the care of heart patients by mobile phones. The main goal is designing a software program for mobile ECG signal processing. ECG signals are recorded and then it is sent via bluetooth to the mobile phone. Generally, the ECG signal is polluted with noise. The ECG signal must be processed to extract useful information. In this paper, detection of QRS complexes provides important information about heart rate. The noises of the signals are removed by the mobile and on the basis of processing methods, a normal signal is distinguish form an abnormal signal. The abnormal signal is sent to a remote medical center via TCP/IP protocol for diagnosis and determining the type of arrhythmia.

2.1. ECG signal {#sec2-1}
---------------

In a normal ECG signal, correct arterial depolarization / repolarization and ventricular depolarization / repolarization can be seen during each cycle of ECG signal. In [figure 1](#F1){ref-type="fig"}, P, Q, R, S, T waves and PQ, QRS, ST segments are shown. QRS complex is the most important part of the ECG signal. Reverse of RR interval is a pathological parameter in ECG signal and heart beat can be calculated at the moment. Heart rate is an important clinical sign for assessing the patient's health status.

![Display of ECG Signal](AIM-22-389-g001){#F1}

2.2. Database {#sec2-2}
-------------

In this paper, we used 2 type of data from MIT-BIH arrhythmia database, the first database has 48 records. Each record is 30 minutes length with 360 Hz sampling frequency. Each record consists of the upper and lower leads. Since normal QRS complexes might be usually prominent in the upper lead, the upper lead was used. The second database has 25 long-term ECG recordings of human subjects with atrial fibrillation with 250 Hz sampling frequency\[[@ref5]\].

In previous researches, it has been hinted that Gaussian noise is added during transferring the ECG signal\[[@ref1]\]. In order to access the best algorithm, gaussian noise is added to the data, then the proposed algorithm is tested.

![The algorithm of program](AIM-22-389-g002){#F2}

2.3. Preprocessing {#sec2-3}
------------------

The ECG signal contaminate with unwanted noise by instability environment record, false signals from nearby equipment, weak electrodes and electromagnetic noise. The noise of ECG signal depends on two reasons. First, the physical parameters of the instrument record. Second, bioelectric activity is not related to the areas of interest\[[@ref6]\]. During the noise removal, we should be careful to retain the main features of the signal. Maintaining the features of signal is essential for correct diagnosis. Also, detecting P peaks, QT interval, T and S waves are considered important diagnostic parameters.

Several researches have survived the noise removal methods from the ECG signal. Our aim is to apply a method with the last amount of change in the real signal and low computational load for having a minimum of delay at execution time. In this research, the baseline noise is removed firstly. For this purpose, we estimate the trend of the signal with curve-fitting methods and then it decreases from the ECG signals. In the next stage, an IIR low-pass filter is used to remove high frequency noise from the signal and it has 55 Hz cutoff frequency and third-order,chebyshev type. Finally, a two-stage moving average is performed to smooth out fluctuations. If we choose a high-order filter, we can access the best removal noise but it decreases the amplitude of R peak and it is not suitable.

Range of normal signal is 0 \< RR \< 0.6, outside this range is considered abnormal\[[@ref7]\]. The R peaks of ECG signal are required to determine RR inteval. Most of the diagnostic methods of heart disease need accurate detection of R peaks. Thus, the R peak detection is an essential component in the analysis of heart diseases. A lot of researches have been done about peak detection of the ECG signal. Most of peak detection algorithms are based on filtering and threshold and the most famous one of them is Pan Tompkins algorithm\[[@ref8]\]. The methods based on wavelet are used extensively in this field and a lot of researches have been done\[[@ref9],[@ref10],[@ref11],[@ref12]\]. Methods such as First-Derivative, adaptive threshold, Hidden Markov model, Hilbert transform and some other are used to detect the R peak in the ECG signal too\[[@ref13],[@ref14],[@ref15],[@ref16],[@ref17]\].

Each of these methods has advantages and disadvantages. The main objective of this research is accessing a program with real-time application. For this reason, Hilbert transform was used because it has short execution time and low computational complexity for R peak detection In the proposed algorithm, a program which does not have large computational time is desirable because of that, it uses the first differential of the ECG signal and its Hilbert transformed data to locate the R peaks in the ECG signal. If the RR interval is not in the normal signal range, 2 seconds before and after the peaks will identify as abnormal signals.
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Heart rate is calculated by RR interval directly.RR is the interval between two consecutive peaks and Fs is the sampling frequency.

For an adult at rest, a normal heart beat is between 60 to 100 beats per minute. Although there is a wide range for normal heart beats, if the heart rate is unusually high or low, a crucial problem in the body can be seen. So, if the heart rate is above 100 beats per minute or less than 60 beats per minute at rest, it is required to consult with a physician.

2.4. Signal transmission {#sec2-4}
------------------------

By using TCP/IP protocol, it is possible to connect multiple computers that use different operating systems. The network of computers can communicate with each other from a long distance. In other words, a person can have the information on a personal computer in one country by using this protocol. Then, he send the results to another computer in another country and can make sure of the accuracy of data transfer. However, there is no need for the computers on the network to be placed far apart. What is required in the communication protocol, is a suitable hardware and software for connection to a computer network. It should be noted that the networks should support the TCP/IP protocol.

IP protocol functions are similar to sending a letter via regular mail. There is no guarantee of getting a letter to the destination in the normal method. Also, there is no guarantee that the datagram is received by the destination node in the IP protocol. After the advent of TCP and when it was added to the IP protocol, TCP/IP will do the hand shaking and ensures a datagram is received by destination. TCP is a reliable transport without loss of information, and requires no repetition. There are two basic steps in writing program.

Receiving a signalSignal transmission via the TCP/IP protocol

length of the transmitted data must be specified via TCP/IP protocol. The specified length is determined by the number of data packets. Transfer time depends on the amount of information packets that are sent. By giving an integer to the packet data, we will be sure that the data is sent without loss of information.

TCP is a reliable protocol which ensures data packets are received and will be used in applications with high sensitivity. TCP protocol is used in medical systems because of reliability of reception of the patients's medical information\[[@ref18]\].

3. RESULTS AND DISCUSSION {#sec1-3}
=========================

In present study, the ECG signal was contaminated by the additive Gaussian noise. The noise generator provides the noise in different standard deviations from 0.05 to 0.2. Signal to noise ratio is the ratio of signal power to noise power and the criterion to measure the noise cancelling.

![Dispaly of ECG Signal on the mobile](AIM-22-389-g004){#F3}

The results of SNR for filtering method illustrate in [table 1](#T1){ref-type="table"}. A higher number is a better indicator of the noise removal. SNR of the proposed method shows a good performance of filtering.
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*x*\[*n*\] is real signal and *x*\[*n*\] is filtered signal

###### 

SNR for MIT database, with different levels of the input standard deviation
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![Illustrates the performance of filtering. a) ECG signal, from record 103. b) ECG signal with additive Gaussiaan noise. c) Noise reduction output](AIM-22-389-g007){#F4}

Two statistical parameters are defined to compare detection algorithms: sensitivity and positive predictivity. The sensitivity is used for evaluating the ability of the algorithm to detect true beats, the positive predictivity is used for evaluating the ability of the algorithm to discriminate between true and false beats. The [table 2](#T2){ref-type="table"} compares the various methods for QRS detection.
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TP=Number of true positive beat detected

FP= Number of false positive beat

FN= Number of false negative beat

###### 

Comparison performance of algorithm with other algorithms
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After the ECG signals are processed by a mobile phone, they are sent to a medical center for real-time diagnosis and monitoring by physician through TCP/IP protocol. In this algorithm, the data is saved in a file and then transfered to the destination without any delay.

4. CONCLUSIONS {#sec1-4}
==============

Recent technological advances, especially that of the mobile phone have had the possibility of developing health care systems with the aim of monitoring the health status of patients. In this paper, a software program is designed to receive the ECG signal, real-time process it in the mobile phone and then transfer to a remote medical center. A diagnostic software program is designed to help physicians and medical assistants who have problems in distinguishing ECG and work in deprived regions. The main objective is to access optimized method to eliminate noise of the signal and maintain important property of ECG signal and monitor the patient round the clock. Heart rate is a vital signal to determine a patient's health status. With continuous measurement, we can be successful in early and rapid diagnosis of two major adverse cardiac disorder such as bradycardia (decreases in heart rate) and tachycardia(increase in heart rate). Primary experiments had successful results for our health care system. The patient can install the program on his mobile phone (windows mobile) and his heart condition is controlled all day long.
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